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The normalized plasma pressysas one of the important parameters to the improvement
of the magnetic plasma confinement. In the next-generation fusion devises such as JT-60SA
and DEMO, highB plasmas are desired to realize the steady-state operation and to improve the
efficiency of the fusion reactors. AS increases, the electrostatic instabilities such as the ion
temperature gradient modes (ITG) are stabilized, and the electromagnetic instabilities such as
the kinetic ballooning modes (KBM) are destabilized [1]. It is important to understand how the
high-B turbulence differs from the loys (or electrostatic) turbulence and to predict transport
levels in the highB regime.

We have recently extended the gyrokinetic Vlasov simulation code GKV [2] to the electro-
magnetic version [3]. The newly developed code enables us to simulate KBM turbulence in a
high-B regime, as well as ITG turbulence in a Ig8vregime. It is found that KBM turbulence
causes the smaller ion energy flux than ITG turbulence, even when they have similar values of
the maximum linear growth rate. This is due to not only the smaller amplitude of the perturba-

tions but also the smaller phase factor in KBM turbulence than those in ITG turbulence.

Turbulent fluxes, norms and phases of perturbed quantities

Employing the flux tube model, the perturbed gyrocenter distribution funcfggz, Vi, 1t)
(where s=i,e denotes ions and electrons) is represented in the perpendicular wave number
spacek = (ky, ky). The GKV code solves time evolution &, the perturbed electrostatic poten-
tial g and the perturbed parallel vector potenflak according to theSf gyrokinetic Viasov-
Poisson-Ampeére equations. The system suits for analyzing micro-instabilities and associated
turbulent transport in the local limit.

The turbulent transport fluxes are evaluated by products of perturbed fields and fluid mo-

ments. For example, the energy flux caused by rdglialB flows Vgx = Ve - [IX is given by
QSE = <\7EX(X7 Y, Z)v ﬁS(Xa Y, Z)> = Z ”vEXk” Hﬁsk“ Re[P(VEXka ﬁsk)] (1)

where we define the inner product of perturbed quantitie§) = [ fg*dx®/V, the norm||f]| =
(f,f), and the phase factd?(f,d) = (f,d)/(||f|| ||]|). We note that the imaginary part
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of P(Vex, P) does not contribute to the flux, sin€gg is real. The energy flux caused by
magnetic perturbations can also be given by the product of perturbed magnetic fields and the

parallel energy fluxes. Usinge« = —iky@(/Bo, the spectrum of the energy flux is given by

ky ~ -
QsazB—f)HcpKH | Beel | IM[P( ¢, Psk)]- (2)

The perturbed pressure is given py = fJOSk(O.SmSVﬁJruB) f4dv?, where the zeroth-order
Bessel functiordpyg = Jo(k | ps) with the perpendicular wave number and the Larmor radius

ps represents the finite Larmor radius effect.

Linear analysis of KBMs and ITGs

Since electromagnetic effects are charac-

terized by the normalized plasma pressure, !
which is now represented by the parametef osf ./
Bi = ponoTi /B3, we here show the results ofg_ 0.6 |-
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temperature-gradient modes.

Figure 1 plots the linear growth rate as gigyre 1: Linear growth ratg as a function of
function of 3. As [ increases, ITGs are staBi (wherekyo = 0, kyp = 0.2.)
bilized (3 < 0.5%) and KBMs are destabi-
lized (0.8% < f3;). We note that high-n ideal ! ! !

MHD ballooning modes may be unstable inp 08 ' ' ' 7
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and destabilizations of the trapped electron

modes). Figure 2: The phase fact®( ¢, f«) as a func-

Figure 2 shows the phase factor of the elegon of §; (wherekypy = 0, kyp = 0.2.)
trostatic potential and the ion pressure eval-

uated from the linear eigenfunctions. It is found tiatdependence is weak for the ITGs

(B < 0.5%). The phase factor is close to 1, which means that the perturbations efficiently cause
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the ion energy flux. For the KBMs (8% < [3), the phase factor increasesfisncreases. Be-
cause of the small phase factor of KBMs, the KBMs may tend to cause ion energ@;fux

smaller than ITGs even when they have the same fluctuation amplitude.

Turbulent fluxes in KBM and ITG turbulence

To evaluate turbulent flux in KBM and ITG

turbulence, we carried out nonlinear simula-. I
> 250 b

tions of KBM turbulence aff = 1% and ITG

turbulence ap; = 0.01%.

Figure 3 shows the time evolution of
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static perturbationsQie, in KBM and ITG
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160, QeR5/pfnoTivy = 1547 and 10464 Figure 3: Time evolution of the ion energy flux
for the KBM and ITG turbulence, respeco,. in KBM (B = 1%) and ITG B = 0.01%)
tively. Using the employed temperature grag pulence.

dientRy/Lt, = 6.82, diffusion coefficients are

evaluated agie/Xgs = 2.27 and 1534 in the
gyro-Bohm unitxgs = wips/Ro. Thus, the £
ion energy flux in the KBM turbulence is fif- N;:’

teen percent of that in the ITG turbulencez 1o°;~ R
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even when they have similar linear growthg

No

rate.
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To clarify the rationale for this difference,

Poloidal wave number kyp1i

the spectra of the ion energy fluxes are exam-

ined. Figure 4 plots the spectrum of the normsgure 4: The n0mh|(h<|| || Bik|| as a function of

of ||g|l || Pl| summed ovekx modes. The the poloidal wave numbés, in KBM (5 = 1%)

peaks akypy = 0.2 are almost same values ind ITG @ = 0.01%) turbulence.

both cases, whereas the KBM turbulence has

a narrow spectrum than that in the ITG turbulence. We note that there are strong zonal modes
characterized bi, = 0 (not plotted here), in the ITG turbulence but not in the KBM turbulence.
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Sinceky = 0 modes dominate the ion en- 1

ergy flux, the phase fact®( g, fik) for kx = ; °°®oe e
0 modes are plotted as a function of the§ " ‘ T :
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poloidal wave numbeky in Fig. 5. The phase

e factor

factors in the KBM turbulence are smaller3

Pha

than those in the ITG turbulence. In terms
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mode, the phase factors ar®8 and 857 Poloidal wave number kyp;

in the KBM and ITG turbulence, respectively, -
_ _ Figure 5: The phase fact®( ¢, pik) for ky =0
which are 63% and 95% of the linear modes

_ ) modes as a function of the poloidal wave nhum-
(see also Fig. 2). Thus, the nonlinear phase
o ) berky in KBM (B = 1%) and ITG 3 = 0.01%)
matching (i.e., the reduction of the phase fac-
turbulence.

of the most dominantkyoxi, kyoii) = (0,0.2) 0

tor P) occurs in the KBM turbulence.

Summary

We carried out nonlinear simulations of KBM turbulencegBat 1% and ITG turbulence at
Bi = 0.01%. Defining the turbulent fluxes as the products of the norms and the phase factor
of the perturbations, we compared the spectra of the ion energy fluxes. It is found that KBM
turbulence causes smaller ion energy flux than ITG turbulence, even when they have similar
values of the maximum linear growth rate. The small ion energy flux in KBM turbulence is due
to the narrow spectrum of the norms and to the small phase factor, which is reduced from that

in the linear KBMs by the nonlinear phase matching.
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